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LITERATURE REVIEW 

This section briefly describes the results of a review of relevant peer-reviewed literature on 
climate change effects. This review includes summary descriptions of the literature reviewed; the 
greenhouse gas emissions scenarios considered and their applicability to the proposed Project; 
and an overview explanation of the methodological and analytical steps taken by the respective 
authors to develop climate change projections.  

There is a variety of existing sources of downscaled climate research for the states, regions, and 
in some cases specific areas where the proposed Project would be constructed. The body of 
research on climate change is evolving in the United States. As part of this assessment, input 
from regional, state-designated climate experts was solicited to locate the most current and 
relevant sources. Though many projects are under development including dynamic 
downscaling,1

1 Dynamic downscaling fits output from general circulation models into regional meteorological models. It uses 
numerical meteorological modeling to project how global patterns affect local weather conditions. This process 
generally achieves more accurate results, but is very data-intensive.  

 much of that information has not yet been published. There are also a growing 
numbers of web-based platforms for generating downscaled climate impacts for user-defined 
geographies. 

The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change, Intergovernmental Panel on 
Climate Change (IPCC 2007) 
The Intergovernmental Panel on Climate Change (IPCC) predicts global climate change effects 
using a number of models and GHG scenarios. While uncertainty about the exact magnitude and 
rates of climate change exists, there is general agreement on expected climate and weather-
pattern changes. This report includes the contributions of 676 authors and cites over 6,000 peer-
reviewed scientific publications in an effort to present a comprehensive synthesis of predicted 
climate change. The Fifth Assessment Report by the IPCC was accepted but not approved in 
detail by the 12th Session of Working Group I, however a Summary for Policymakers was 
released (IPCC 2013). Publication of the full report is expected in January 2014. 

Global Climate Change Impacts in the U.S., United States Global Change Research 
Program (USGCRP 2013) 
The United States Global Change Research Program (USGCRP) provides downscaled model 
results for the United States from CMIP3-A (Coupled Model Intercomparison Project) and 
CMIP3-C. It also provides some general global projections, projections for all of the United 
States, and projections for some subregions with varying degrees of detail. 

Managing the Risks of Extreme Events and Disasters to Advance Climate Change 
Adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel 
on Climate Change (IPCC 2012) 
This report reviews existing studies, multiple global climate models, and multiple regional 
climate models. Confidence levels are conferred based on the reliability and relative agreement 
between the sources. In addition, likelihood assessments review the direction of change.  
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High Resolution Interpolation of Climate Scenarios for the Conterminous USA and Alaska 
Derived from General Circulation Model Simulations (Joyce et al. 2011) 
This report uses statistical downscaling to compare outputs from the following global circulation 
models for North America: 

• CGCM31MR (Canadian Third Generation Coupled Global Climate Model, version 3.1, 
medium resolution);  

• CSIROMK35 (the Commonwealth Scientific and Industrial Research Organisation Mk 3.5 
Climate Model);  

• MIROC32MR (Model for Interdisciplinary Research on Climate, version 3.2, medium 
resolution); and  

• NCARCCSM3 (U.S. National Center for Atmospheric Research Community Climate Model 
version 3.0).  

The data were processed through the ANUSPLIN model to create gridded data for each variable. 
The report compares the outputs of each model and then averages the results from all the 
downscaled models. These results are displayed in Table 1. The report examines several 
subregions: the dry temperate climate region, prairie climate region, continental climate region, 
and subtropical climate region (see the Final Supplemental Environmental Impact Statement, 
Figure 4.14.5-2). A summary of the average model outputs for each of the climate regions is 
presented in Tables 1 through 4. 

Table 1 Climate Change Projection Summary for the Dry Temperate Climate Region 

 

 
Source: Joyce et al. 2011. 
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Mean Daily Tmin (˚C) = the average minimum temperature each day. ˚C = degrees Celsius. 
Mean Daily Tmax (˚C) = the average maximum temperature each day. 
Change = average net change for the 30-year mean relative to the 1980-2009 baseline. 
100-year forcing = the 100-year forcing is the changes in the means (for temperature and precipitation) of 1970-1999 and 2070-
2099. This is the projected change in climate over 100 years. 
100-year variability (%) = the change in the 30-year standard deviations relative to a 1970-1999 baseline. 

Table 2 Climate Change Projection Summary for the Prairie Climate Region 

Source: Joyce et al. 2011. 

Mean Daily Tmin (˚C) = the average minimum temperature each day. ˚C = degrees Celsius. 
Mean Daily Tmax (˚C) = the average maximum temperature each day. 
Change = average net change for the 30-year mean relative to the 1980-2009 baseline. 
100-year forcing = the 100-year forcing is the changes in the means (for temperature and precipitation) of 1970-1999 and 2070-
2099. This is the projected change in climate over 100 years. 
100-year variability (%) = the change in the 30-year standard deviations relative to a 1970-1999 baseline. 
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Table 3 Climate Change Projection Summary for the Continental Climate Region 

 

 
Source: Joyce et al. 2011. 

Mean Daily Tmin (˚C) = the average minimum temperature each day. ˚C = degrees Celsius. 
Mean Daily Tmax (˚C) = the average maximum temperature each day. 
Change = average net change for the 30-year mean relative to the 1980-2009 baseline. 
100-year forcing = the 100-year forcing is the changes in the means (for temperature and precipitation) of 1970-1999 and 2070-
2099. This is the projected change in climate over 100 years. 
100-year variability (%) = the change in the 30-year standard deviations relative to a 1970-1999 baseline. 
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Table 4 Climate Change Projection Summary for the Subtropical Climate Region 

Source: Joyce et al. 2011. 

Mean Daily Tmin (˚C) = the average minimum temperature each day. ˚C = degrees Celsius. 
Mean Daily Tmax (˚C) = the average maximum temperature each day. 
Change = average net change for the 30-year mean relative to the 1980-2009 baseline. 
100-year forcing = the 100-year forcing is the changes in the means (for temperature and precipitation) of 1970-1999 and 2070-
2099. This is the projected change in climate over 100 years. 
100-year variability (%) = the change in the 30-year standard deviations relative to a 1970-1999 baseline. 

West-Wide Climate Risk Assessments: Bias-Corrected and Spatially Downscaled Surface 
Water Projections, United States Bureau of Reclamation (BOR 2011a and 2011b) 
Sixteen global circulation models formed the basis of the climate projections used in this study. 
The study uses a downscaling technique known as the Bias Correction and Spatial 
Disaggregation approach, developed by Wood in 2002, to apply the CLIP3 projections at a 
watershed scale. This was done for the B1 (low), A1B (medium), and A2 (high) scenarios. This 
provided information on the extremes with lower probability but higher risk. The results focused 
on the Missouri watershed, which includes parts of the states of Montana, North Dakota, South 
Dakota, Nebraska, and Kansas. 

Draft National Climate Assessment, United States Global Change Research Program 
(USGCRP 2013) 
The draft National Climate Assessment (NCA) report is the compilation of observations and 
research on climate change impacts from around the United States using two emission scenarios: 
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A2 (high) and B1 (low). The NCA report engaged over 240 authors, solicited comments from a 
national audience, and will be reviewed by the National Academy of Sciences. The analysis 
includes a discussion of climate change impacts across seven sectors: human health, water, 
energy, transportation, agriculture, forests, and ecosystems and biodiversity. It also assesses 
climate change impacts on the United States by region including the Northeast; Southeast and 
Caribbean; Midwest; Great Plains; Southwest; Northwest; Alaska and the Arctic; and Hawaii and 
the Pacific Islands, with supplementary sections on coastal areas, oceans, and marine resources.  

CLIMATE MODELING 

SCENARIOS 

Current climate modeling to project future climate change effects uses scenarios of GHG 
emissions levels in the atmosphere. The IPCC created a number of scenarios for GHG emissions; 
these are dependent on assumptions regarding population and economic growth, as well as 
technology for fuel use and fuel production. These determine the degree and severity of 
predicted climate change effects. The four scenarios selected for this analysis in the 2007 IPCC 
report are described as follows: 

• The A2 scenario is a heterogeneous world with high population growth rates and slow rates 
of economic development and technological innovation. 

• The A1B scenario assumes rapid economic growth, and a world population that peaks around 
2050. Technological innovation and adoption of energy-efficient technologies is balanced 
and does not rely on any one energy source. 

• The A1F1 scenario assumes rapid economic growth, and a world population that peaks 
around 2050. Technological innovation and adoption of energy-efficient technologies is 
fossil intensive. 

• The B1 scenario assumes very rapid economic growth, a world population that peaks around 
2050, and a very fast innovation and adoption of energy-efficient technologies. The economy 
makes rapid changes toward services and information. 

The IPCC has not assigned probabilities to any of these scenarios, but instead provides them for 
use in models to examine the entire range of possibilities and evaluate consequences based on 
the greenhouse gas emissions implicit in these combinations of population, economic activity, 
and technological innovation. The A2, A1B, and B1 scenarios (see Figure 4.14.5-1) were 
analyzed in various models presented in the studies reviewed. In the Fifth Assessment Report, 
the IPCC will introduce new scenarios referred to as Representative Concentration Pathways 
(RCPs) some of which include implied policy action (IPCC 2013). These RCP scenarios are 
framed as a combination of adaptation and mitigation, and more details will be provided when 
the Fifth Assessment Report is released, which is expected to be in January 2014. 

GLOBAL CIRCULATION MODELS 

Global Circulation Models are still in the domain of active research and are therefore the subject 
of further investigation and improvement themselves. Consequently, such models may vary in 
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spatial and temporal resolution, the numerical methods employed to solve sets of coupled 
differential equations, the initial conditions, and sub-grid-cell parameterization of processes that 
are too small-scale for explicit numerical treatment. 

DOWNSCALING 

Climate change studies are based on global models that are downscaled for regional application. 
The global model results for temperature, precipitation, solar gain, and wind are disaggregated 
for the scale of interest and then refined based on topographical features and historical trends. 
The scale of interest for the downscaling determines the level of detail available from the study. 
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